The alkaline earth tricyanomethanides Mg(tcm) 2 · 2H 2 O, Ca(tcm) 2 , Sr(tcm) 2 · H 2 O and Ba(tcm) 2 · 2H 2 O were prepared from aqueous solutions of the respective chlorides and silver tricyanomethanide. Their IR spectra and thermal behavior are described. The crystal structures of Ca(tcm) 2 and Ba(tcm) 2 · 2H 2 O were determined by single crystal X-ray diffraction. The structure of Ca(tcm) 2 is of the type found for several transition metal tricyanomethanides [1], containing two independent interpenetrating networks. Ba(tcm) 2 · 2H 2 O has a unique crystal structure corresponding to a three-dimensional coordination polymer with nine fold coordinated Ba atoms connected by water molecules and tricyanomethanide anions.
Introduction
With its three terminal nitrogen donors, the anion C(CN) 3 − offers a variety of coordination modes as a terminal, 1,5-bridging or 1,5,7-bridging ligand. Its rigid trigonal planar geometry leads to the formation of interesting networks of coordination polymers [1, 2] . A large number of binary and more complex transition metal tricyanomethanides have been described and structurally characterized [3, 4] , however, binary tricyanomethanides of the main group elements have received little attention. Earlier work has revealed basic structural information for the Na and K salts [5, 6] . More recently the crystal structure of lead(II) tricyanomethanide was determined [7] .
Experimental Section

Materials and methods
Reagents were used as purchased from commercial suppliers. Silver tricyanomethanide was prepared according to Trofimenko [8] . The infrared spectra were recorded from Nujol mulls on a Bomem 100 FT-IR spectrometer in the range 400 -4000 cm −1 . The thermogravimetric analyses were performed on a Shimadzu thermogravimetric analyzer TGA-50 in alumina crucibles at a heating rate of 10 • C min −1 in air. Crystallographic data were collected on a Bruker 0932-0776 / 08 / 0300-0285 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com SMART CCD diffractometer. The structures were solved by Direct Methods [9] and refined by full-matrix least-squares on F 2 [10] with anisotropic displacement parameters for the non-hydrogen atoms. Hydrogen atoms were placed in idealized positions and treated with the 'riding model' option of SHELXL-97. Crystal data and details of the data collection and structure refinement are given in Table 1 .
Crystallographic data for the structures in this paper have been deposited with the Cambridge Crystallographic Data Centre, CSD numbers CCDC 650413 and CCDC 650414. These data can be obtained, free of charge via www.ccdc.cam.ac.uk/data request/cif.
Preparation of the tricyanomethanides M(tcm) 2 (M = Mg, Ca, Sr and Ba)
Aqueous solutions of the chlorides MCl 2 are stirred at r. t. for 6 h with a 50 % excess of silver tricyanomethanide. The insoluble silver salts are filtered off, and the filtrates are slowly evaporated to dryness at 25 • C to leave the crystalline tricyanomethanides in quantitative yield.
Results and Discussion
Infrared spectra
The IR spectra of the title compounds show the expected features of the tricyanomethanide ion [11] . 
0.0557 / 0.1245 0.0385 /0.0754 ∆ρ fin (max/min), eÅ −3 0.41 / −0.38 at 3360 to 3450 cm −1 , indicating strong hydrogen bonding.
Thermal behavior
Thermogravimetric analyses reveal the expected values of weight loss up to 140 • C due to evaporation of crystal water. Thermal degradation of the tricyanomethanide starts at 380 -400 • C with maximum decomposition rates from 450 to 534 • C. Thermal stability increases in the sequence Ba < Mg < Sr < Ca. The total weight losses up to 800 • C correspond to the values expected for CaCO 3 , SrCO 3 , BaCO 3 and MgO as final residues. More detailed TGA data are given in Table 3 .
Crystal structures
In both structures (Figs. 1 and 2 ) the tcm ion shows only very slight distortion from the ideal trigonal planar geometry. The crystal structure of Ca(tcm) 2 is isomorphous with those of the tricyanomethanides of divalent transition metals, containing two inter- Fig. 1 . A view of the expanded unit cell of Ca(tcm) 2 showing the two interpenetrating networks [12] . For symmetry transformations see the footnote to Table 4 . Table 4 . Selected bond lengths (Å) and angles (deg) for Ca(tcm) 2 a . Fig. 2 . Projection of the crystal structure of Ba(tcm) 2 parallel to the crystallographic bc plane [12] . For symmetry transformations see the footnote to Table 5. penetrating networks, generated by octahedral sixconnecting metal ions and trigonal three-connecting tcm − anions [1] (see this reference for a detailed discussion of this structure type). Two slightly different Ca-N distances are observed with 2.431(1) and 2.455(2)Å. Steric interaction between the two interpenetrating frameworks causes two types of major distortion. One of them is the angular deformation of the coordination octahedron, with N-Ca-N angles varying from 80.61 (7) to 99.39 (7) • . The second one is a significant bending of the C-N-Ca angles (165.9(2) and 170.5(1) • ) out of the C(CN) 3 plane. Relevant bond lengths and angles are given in Table 4 .
Bond lengths Bond angles
The unique crystal structure of Ba(tcm) 2 · 2H 2 O corresponds to a coordination polymer with water Tables 5 and 6. 
